Bacon, and René Descartes recognized the work of artisans at their instruments as essential for the formation of knowledge, and they saw the systematic methods of artisans as models for the organization of information in their new approach to the study of the world. Moreover, these seventeenth-century theorists came to see instruments-a category encompassing material tools, human sensory organs, and logical apparatus such as Bacon's Novum organum ("new instrument")-in new ways. Rather than viewing instruments merely as vehicles for the repetition of a process already known (for example, the instruments used by the blacksmith to make his wares), these thinkers saw instruments as tools to be used in the open-ended inquiry that would lead to new knowledge. The classic example of this new kind of instrumentality was Galileo's high-powered telescope, with which, as he explained in his Siderius nuncius (1610), he made the revolutionary discoveries that would unsettle the Aristotelian conception of the heavens. 2 Della Porta's theories of natural magic, rooted in neo-Platonist ideas concerning the "sympathetic" workings of all objects in the world-animate and inanimate-seem quaint when compared with the writings of Bacon, Descartes, and especially Galileo, Della Porta's younger colleague in the Accademia dei Lincei. Yet within Della Porta's work, we can discern the beginnings of a rigorous, empirical approach to the study of the natural world, for the author asserted that he had tested all of the wisdom contained in that immense volume through experience and observation. Whether this claim was true in all cases is another matter (and one to which I will return below); of primary importance, however, is Della Porta's sense that the claim itself was a worthy one. Central to Della Porta's burgeoning empirical approach was the use of instruments of all sorts. The final chapter of the Magia naturalis, a miscellany of tricks and demonstrations subsumed under the title "Chaos," includes instructions for a handful of experiments using musical instruments. Primacy in experimentation with musical instruments-those exercises that laid the groundwork for the nascent field of acoustics-is normally ascribed to Vincenzo Galilei, father of Galileo. However, the handful of experiments with musical instruments laid out in Della Porta's volume-directed at an amateur readership of learned gentlemen and academicians-attests to the pursuit of acoustical knowledge among others of the same generation.
Della Porta's experiments with musical instruments warrant consideration for two reasons: first, they strengthen evidence of the links between the neoPlatonist systems of natural magic that informed late sixteenth-century thought and the methods of the new sciences of the seventeenth century. Second, these experiments shed new light on the culture of musical "instrumentality" in the early modern era. It was not until the second decade of the seventeenth century that composers began to write and publish a large repertoire of independent, idiomatic instrumental music-a repertoire that responded to the special properties and capabilities of specific instruments and that was largely unsuited, therefore, to performance using other instruments or human voices. Nevertheless, Della Porta's work indicates that instruments were already being used in innovative, exploratory, and idiomatic ways in unwritten traditions during this earlier period. Della Porta relied on an instrument that he called the lyra, which, as I will show, reflects the academic milieu in which he conducted his experiments. The few paragraphs that he devoted to acoustical magic demonstrate that he prefigured seventeenth-century theorists in understanding musical instruments as part of the larger category of tools and machines to be put to use in the quest for new knowledge. 4 Della Porta's acoustical experiments and the lira da braccio
In his preface to the Magia naturalis, Della Porta defended his experiencebased approach. He claimed to have traveled across Europe and corresponded with learned men everywhere to collect information concerning the secrets of nature. But rather than accepting their testimony or the testimony of ancient authors about the effects of one material on another, or of an action by one human being on another, Della Porta asserted that he had evaluated this wisdom thoroughly through hands-on experience:
4 For an exploration of the concept of instrumentality as it relates to the repertoire of Italian instrumental music from the 1610s through the 1630s, see Rebecca Cypess, Curious and Modern Inventions: Instrumental Music as Discovery in Galileo's Italy (Chicago: University of Chicago Press, 2016).
Whatsoever was Notable, and to be desired through the whole World, for Curiosities and Excellent Things, I have abundantly found out, and therewith Beautified and Augmented these, my Endeavours, in NATURAL MAGICK, wherefore by most earnest Study, and constant Experience, I did both night and day endeavour to know whether what I heard or read, was true or false, that I might leave nothing unassayed. 5 Citing Cicero, Della Porta affirmed he had decided to "make tryal of all things." To this end, he assembled "at my house an Academy of curious Men, who for the trying of these Experiments, chearfully disbursed their Moneys, and employed their utmost Endeavours, in assisting me to Compile and Enlarge this Volume." 6 To be sure, the term experientia in the sixteenth and seventeenth centuries had a flexible meaning, including both experimentation in the modern scientific sense and also simply experience, but the term nevertheless highlights the importance of sensory observation and empiricism in Della Porta's methods. Like a collector assembling curiosities for his Kunstkammer, Della Porta had sought out curiosities for his book. With his friends, he had assembled his own academy for the purpose of testing all of the secrets he had found, sorting truth from falsehood. 7 Della Porta's intention, he wrote, was to assemble all of this information in recognizable categories. In the final book of the Magia naturalis, however, he admitted that there were some experiments that had resisted categorization. He introduced this final book, the "Chaos," by warning that its contents had been "set down without any Classical order." He explained, Therefore I shut up in this Book, those Experiments that could be included in no Classes, which were so diverse and various, that they could not make up a Science, or a Book; and thereupon I have here heaped them altogether confusedly as what I had overpassed; and if God please, I will another time give you a more perfect book. Now you must rest content with these. "Universo hoc tempore quicquid tertarum ubiq; eximium erat, aut expetendum, tum librorum, tum praestantissimarum rerum mihi cumulatissimè conquisitum est, ut cumulatior, auctiorq'; Naturae haec supellex foret. Itaq; intensissimo studio, pertinaciq'; experientia, perdius, atq; per nox periclitabar quae legeram, vel audieram, vera ne essent, an falsa, ne intentatum aliquid remaneret." Della Porta, "Ad lectores praefatio," in Magia naturalis, [ Included in this "Chaos" are methods for the desalinization of water, for making stones appear to move on their own, for increasing the weight of various materials, and a wide array of other tricks. Within this chapter Della Porta also presented a number of acoustical wonders, which I would divide into three categories: the first is his design for an ear trumpet, which he likened to a pair of spectacles in its effect on the user. The second type of acoustical marvel consists of descriptions of the "sympathetic" resonance between sound and the physical or emotional properties of those who listen to it, characteristic of a neo-Platonist worldview; indeed, in this section Della Porta cited a long list of classical authors from whom this wisdom derived. Finally, although Della Porta did not distinguish this category himself, the last three wonders described in the section on acoustical "sympathies," which I will discuss further below, are clearly of another sort: rooted in demonstrable sensory observations, these three cases should be understood as experimental in nature. 9 With the exception of his ear trumpet, Della Porta linked his acoustical experiments to one musical instrument in particular. Although the 1658 English translation of his work describes the wondrous properties of the "harp," this translation is not quite accurate-or, at least, it is ambiguous. The term that Della Porta used is lyra; and it is likely that by lyra he meant to refer to the lira da braccio ("arm lyre")-a bowed stringed instrument that reached the height of its popularity when the violin was still looked down on as low-class. Surviving exemplars of the lira da braccio indicate that different instruments were strung differently; whereas most included seven strings, they could hold anywhere from four to nine strings organized in a variety of tunings and dispositions. An apparently essential feature was the presence of at least one, but more often two, "drone" strings that ran along the side of the instrument to the left of the fingerboard. Because of its positioning, such strings could not be stopped with the fingers of the player's left hand and could therefore not be used to play a melody; instead, they were employed to create chords with the higher strings or to resonate sympathetically them. 10 Chordal accompaniment involving the drone strings would have facilitated one of the primary uses of the lira da braccio in the sixteenth century: to accompany the recitation of epic poetry, performed all'improvviso. Musical-poetic performance of this sort was seen as essential to the character-building and education of Renaissance letterati, and Robert Nosow has shown that for this purpose the lira da braccio was the delight 9 Della Porta, Magia naturalis, 298-300; translated in Natural Magick, 402-405. 10 On the lira da braccio, see Sterling Scott Jones, The lira da braccio (Bloomington: Indiana University Press, 1995).
On of Italian academies during the sixteenth century. Although we have a sense of how such recitations worked from contemporaneous accounts of academic and courtly gatherings, precious few written musical settings survive.
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The lira da braccio was frequently pictured in artwork of the Renaissance in the hands of gods and kings; the image of Apollo holding a lira on Parnassus in Raphael's Stanze della segnatura at the Vatican (1510-11) is among the most famous of these depictions (see the detail shown in Figure 1 ). In the Allegory of Hearing (1617-18) that forms one of the five panels known as The Senses by Jan Brueghel the Elder and Peter Paul Rubens, a lira da braccio lies on the floor amid a Kunstkammer-like collection of musical and other sonic curiosities (see the instrument in the lower righthand corner of the detail shown in Figure 2 ).
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Considered against the backdrop of this musical culture within Italian academies, Della Porta's claim that he had tested all of his experiments within his academy takes on greater significance. With respect to his acoustical experiments, Della Porta's treatise offers a glimpse of the kinds of activities that would have occupied such learned groups, attesting to the close relationship among music, poetry, magic, and natural philosophy in early modern thought. Musical performance could easily transition to scientific performance: as the magus led his academy in the testing of his wonders of natural magic, he put into service a musical instrument that was likely readily available to them and to other letterati who might seek to replicate his acoustical experiments-the lyra.
Della Porta's neo-Platonist worldview led him to articulate, in the opening book of the Magia naturalis, the view that all materials in the world are connected to one another either through sympathy or antipathy; the wonders that he codified from classical sources and from folklore confirm that he was concerned with the magical sympathetic effects of music performed on instruments of various sorts. If one wishes to frighten sheep, for example, Della Porta recommends playing on a lyra "strung with Sheep strings, mingled with strings made of a Wolfs guts," since the instrument "will make no Musick, but jar, and make all discords." 13 He noted further that pregnant women will miscarry if they hear music played on an instrument strung with strings made of serpents, and to fight off the plague he recommended the use of a lyra made of "no other Wood than the Vine-tree; since Wine and Vinegar are wonderful good against the Pestilence, or else of the Baytree, whose leaves bruised and smelled to, will presently drive away Pestilent contagion."
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In each of these examples, the music performed with the instrument retains the properties of the material from which the instrument is made. As Della Porta summarized, "If we would seek out the cause of [these effects], we shall not ascribe it to the Musick, but to the Instrument, and the wood they are made of, and to the skins; since the properties of dead beasts are preserved in their parts, and of Trees cut up in their wood."
15 It would be difficult to believe that indeed Della Porta had tested all of these wondrous effects of musical instruments, but one can easily imagine the more general statements about the emotional powers of music-that music in some modes will calm the listener, while music in other modes make the listener angry, and that some music facilitates sleep while other music encourages wakefulness-being demonstrated and discussed within his academic gatherings.
By contrast, the acoustical wonders that seem to involve empirical observation through sensory experience must, by definition, have been tested. In these, Della Porta provided means for the experimenter to create sonic illusions; through deception and surprise, the magus would inspire a sense of wonder in his audience. His simplest acoustical wonder, which laid the groundwork for the development of the Aeolian harp by Athanasius Kircher, is the playing and sympathetic resonance of instruments caused by the wind. On a "tempestuous" day one may set instruments (he mentions not only the lyra but also flutes, dulcimers, and pipes) outside, such that "the wind will run violently into them, and play low [i.e., quietly] upon them. . .whence if you stand neer and listen, you will hear most pleasant Musick by consent of them all, and will rejoyce." A more complex illusory demonstration concerns the sympathetic resonances of strings: "A harp that is play'd on, will move another harp strung to the same height. Let the strings be stretched alike, that both may come to the same melody perfectly; if you shall strike one of the base strings, the other will answer it, and so it is in the trebles."
17 Even a person untrained in music could, using this method, tune an instrument if another just like it had already been prepared, for when the instruments are exactly in tune, the second set of strings will answer the first through sympathetic vibrations. If the effects of the experiment are unclear, he advised, one may place straw on top of the strings to observe their vibrations. This suggestion indicates that Della Porta encountered a disbeliever, or someone who could not tune the instrument properly using his method of sympathetic resonance, so he developed this "proof" using straw as a means of supplementing the demonstration.
The final example of Della Porta's acoustical experiments-and the one with which his section on musical magic concludes-is noteworthy for the paragone that it presents among the senses:
That a deaf person may hear the sound of the harp, or else stop your ears with your hands, that you may not hear the sound. Then take fast hold of the instrument by the handle with your teeth, and let another strike on it, and it will make a musical noise in the brain, and may be a sweeter noise. And not onely taking hold of the handle with your teeth, but the long neck, neer the Harp, and by that you shall hear the sound perfectly, that you may say that you did not hear the Musick, but taste it.
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Della Porta's magic restores sound to the deaf-or to those who wish to pretend deafness by covering their ears. It also places the musical instrument at the center of sensory experimentation, uniting the sense of hearing with that of taste. Such multisensory imaginings were essential to early modern strategies of learning and experiencing the world, and the academies constituted fertile ground for the testing and replication of these ideas. 19 That Della Porta left these three experiments for the end of his section on music is noteworthy: although he did not place them into a distinct category, separate from the magic gleaned from folklore and classical sources, he seems to have recognized that these three marvels stood apart from the rest. They are based in his own observations using the senses of hearing, vision, and even taste. Indeed, in contrast to the neo-Platonist magic that dominates the majority of Della Porta's discussion of musical wonders (driving off the 17 "Lyra, quae pulsata ealteram eiusdem toni immotam moveat. plague with an instrument made of vine-wood, and so forth), these last three demonstrations are firmly rooted in an empirical approach. What enabled the sensory exploration codified in these last three demonstrations was Della Porta's peculiar and innovative uses of his musical instrument. In his hands, the lyra became an instrument of discovery. Della Porta's paragone of sound and sight: Acoustical instruments based on the optical model Della Porta was not alone in the late sixteenth century in his use of musical instruments for open-ended inquiry. Vincenzo Galilei's Dialogo della musica antica, e della moderna (1581) records Galilei's attempts to recover the elusive emotional powers of ancient Greek music; as his treatise makes clear, sensory experience was central to his work, and his musical instrument-his lute-was one of his primary means for establishing and testing his ideas. A one-time student of the music theorist Gioseffo Zarlino, Galilei largely rejected his teacher's precepts concerning the harmonic and contrapuntal construction of modern music. He did refer to ancient Greek sources on music, but he used them to justify the new systems of tuning and the new monophonic, declamatory style of singing that he advocated. Ann E. Moyer has identified Galilei's experiments on tuning and temperament, which he performed with his lute, as key to the establishment of the new field of "sounding bodies," or acoustics. 20 Della Porta's slight treatment of music in the Magia naturalis cannot compare with the lengthy tomes on the subject by Galilei, which were laced with both learned mathematics and practical musical knowledge. It is clear that Della Porta approached music as an amateur, not as someone professionally trained and active as a performer, composer, and theorist. Nevertheless, his experimental demonstrations with his lyra indicate that, like Galilei, he viewed musical instruments as vehicles for the creation of knowledge.
Yet Della Porta was not a dilettante in all subjects; he was a learned expert in numerous fields, among them optics. I propose that a clearer picture of his approach to musical instruments may be gleaned from his understanding of optical instruments and their uses. An opening for an analogy between optical and acoustical instruments lies in his description of an ear trumpet, an invention that occupies another section of his "Chaos." Della Porta based his invention on models from nature, including a menagerie of animals with the best hearing. Ultimately, he settled on the example of the hare, and he outlined the manner in which the ear trumpet could best be configured to replicate this living model. In presenting this acoustical wonder, Della Porta drew an analogy between this instrument of sound and the many optical instruments-spectacles, mirrors, magnifying glasses, and other catoptric or illusory lenses-that he had described in Book 17 of the Magia naturalis: "In my Opticks I shewed you Spectacles, wherewith one might see very far. Now I will try to make an Instrument, wherewith we may hear many miles." He repeated this analogy at the end of his discussion, advising the reader to "Fit your instrument to put into your ear, as Spectacles are fitted to the eyes."
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As Matteo Valleriani has shown, Della Porta's formulation was apparently the first of many statements from the late sixteenth and early seventeenth centuries that saw the nascent field of acoustics as integrally connected with that of optics; indeed, it was this model that was taken up by Galileo Galilei and his one-time student Paolo Aproino in their attempts, soon after the publication of the Siderius nuncius, to invent their own ear trumpet based on their experimental work. Yet, as Valleriani suggests, Galileo and Aproino abandoned this project because they lacked the theoretical apparatus to explain it. The field of acoustics was still in transition from the Aristotelian understanding to a mechanical conception "based on the analogy between optics and acoustics," and Galileo was not yet able to present his invention with a fully formulated explanation of why it worked as efficiently as it did. Nevertheless, Della Porta's statements comparing the ear trumpet to eyeglasses suggest that on an abstract level, instruments of sound and instruments of sight were already considered analogous. And, as an extension of this analogy, it seems significant that Galileo's method for the construction of his telescope involved the appropriation of an organ-pipe for use as the tube separating the lenses. 22 If Della Porta's knowledge of the mathematical principles underlying acoustics and music was limited, his optical knowledge was quite advanced, as shown not only by his extensive treatment of catoptric lenses in Book 17 of the Magia naturalis but also by his Latin treatise De refractione (1593). The link that he forged between spectacles and the ear trumpet is thus entirely appropriate: it enabled him to refer the reader back to his earlier work in an 21 "In opticis specilla demonstravimus, quibus fatis longè videre poteramus, nunc instrumentum construere tentabimus, quo etiam per multa miliaria audire possimus." "Accommodetur igitur instrumentum, ut commodè auribus indatur, ut specilla oculis." Della Porta, Magia naturalis, 296-97; translated in Natural Magick, 400-401. 22 Matteo Valleriani, "Galileo's Abandoned Project on Acoustic Instruments at the Medici Court," History of Science 1 (2012), 1-31; see also Valleriani, Galileo Engineer (Dordrecht, The Netherlands: Springer, 2010), 43-44. Valleriani argues that Galileo was reluctant to present an invention for which he lacked a theoretical explanation, since such an approach would have undermined his claim to the status of "philosopher" rather than "engineer" or "mathematician." This understanding of Galileo's professional trajectory is based on Mario Biagioli's foundational work on the social contexts of early modern science in Galileo, Courtier (Chicago: University of Chicago Press, 1993).
area in which he possessed greater expertise. Taking a cue from this link between sight and sound, I will consider Della Porta's playful yet exploratory approach to optical instruments within the Magia naturalis as a model for understanding his musical and acoustical experimentation. Book 17 of the Magia naturalis celebrated the playful trickery involved in the science of "catoptrics"-illusion-producing lenses. Mirrors, crystals, and glasses of various shapes-all of which were understood as members of a single category of instruments-carried the potential to clarify the viewer's perception, to distort it, and to multiply it. In his introduction to this section of his work, Della Porta emphasized both the playfulness of optical illusions and the benefits that they could produce:
Now I am come to Mathematical Sciences, and this place requires that I shew some experiments concerning Catoptrick glasses. For these shine amongst Geometrical instruments, for Ingenuity, Wonder, and Profit: For what could be invented more ingeniously, then [sic] that certain experiments should follow the imaginary conceits of the mind, and the truth of Mathematical Demonstrations should be made good by Ocular experiments? 23 He laid out a long inventory of wonders that may be effected by means of such instruments. Using mirrors and variously shaped reflecting lenses, he offered the reader the means to create distorted or inverted images of familiar objects, to conjure apparent "phantasms" that seem to "hang in the air," and other "merry sports." These experiments must have been tested in Della Porta's academic gatherings; after the publication of the Magia naturalis, he continued to perform these same optical demonstrations for such esteemed visitors as Federico Cesi, and they constituted the basis for Della Porta's first entrée into Cesi's Accademia dei Lincei. In Della Porta's understanding, instruments used and positioned in specific, playful ways may inspire a sense of wonder at the variety of nature and the human senses. 24 If the trickery of the Magia naturalis makes Della Porta's approach to optics seem less than serious, this appearance is belied by the Latin treatise De refractione optices, which he published in 1593. Although, as Sven Dupré has shown, this work lacked the systematic proofs that would characterize the next generation of scientific writing, the volume was aimed at an audience of 23 "Iam ad mathematicas scientias deventum est, exigit locus, ut catoptrica tradantur experimenta, renident enim inter Geometrica ingeniositate, mirabilitate, utilitatq'. Quid enim ingeniosius excogitari potuit, ut imaginarijs animi conceptionibus certissima experimenta sub sequerentur?" Della Porta, Magia naturalis, 259; translated in Natural Magick, 355. 24 On the subject of images "hanging in the air," see Sven Dupré, "Inside the Camera Obscura: educated mathematicians. In it, Della Porta put forth his views on the workings of the eye and of optical lenses, and he would later claim that this treatise featured a model of the telescope that prefigured Galileo's.
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Tomaso Garzoni's widely circulated Piazza universale di tutte le professioni del mondo, first published in 1585 and issued in numerous editions and reprints in the ensuing decades, constitutes an important source on the understanding of optical instruments in the late sixteenth century, and on the place of a magus such as Della Porta in the dissemination of knowledge. Garzoni described the wondrous effects of lenses and the practitioners of the art of lens-making. While tracing the origins of this profession to the science of optics, and relating its importance for the technical work of Aristotelian writers on optics, Garzoni identified "speculari, et specchiari" as a distinct profession. He wrote of the stupor that may be inspired by the images produced by lenses and mirrors, making special note of the illusions they could produce:
The origin of the science of lenses . . . derives from nothing else than the miraculous effects [that may be] seen and considered through lenses, which enable one to see the image of visible objects in numerous and varied ways. And it shows infinite hidden images, from which is generated that part of [the field of] perspective that was called "catoptrics" by the Latins and Greeks. [This field] is of such miraculous value, because it presents reasons for many beautiful images that may be seen in lenses, as a result of which the world is often filled with stupor. 26 Beyond connecting catoptrics with optics and perspective, Garzoni emphasized the usefulness of lens-making for other fields as diverse as theology and natural philosophy. Of its role in astrologia (astronomy), the Piazza related that lens-making may "resolve many questions regarding celestial things, such as, for example, the spots on the moon, and eclipses, and the projection of rays."
27 And he noted the ability of optical illusions to elicit emotional responses in the viewer, repeatedly using the terms stupor 25 Della Porta's treatise on optics was published as Giovanni Battista Della Porta, De refractione optics parte. Libri novem (Naples: Io. Iacobum Carlinum, 1593). 26 L'origine della scienza de' specchi. . .è derivata non altronde, che dai miracolosi effetti visti, e considerati ne' specchi, facendo eglino vedere in tanti, e cosi varij modi l'imagini de gli obietti visibili, & mostrando infinite apparenze oblique, dalle quali è generata quella parte di prospettiva, che specularia si dimanda da' Latini, & da' Greci catoptrice, il cui pregio è mirabile, perche ella ne rende la cagione di tante belle apparenze, che ne gli specchi si veggono, per le quali il mondo sovente s'empie di stupore." Thomaso Garzoni, Piazza universale di tutte le professioni del mondo . . . aggiuntovi in questa nuova impressione alcune bellissime annotationi a discorso per discorso (Venice: Roberto Meglietti, 1586), 896. 27 ". . .per dar risolutione di molte questioni nelle cose celesti, come verbi gratia della macchia della Luna, dell'ecclissi, & della proiettion de' raggi." Garzoni, Piazza universale, 896.
and meraviglia in describing them, and remarking even that they had the capacity to make distant friends appear present. 28 Above all, Garzoni described the many kinds of images-real and illusory, accurate and distorted-that may be produced by lenses, and he celebrated the variety that they produced: the "infinite effects that various lenses present to the eye."
29 He recounted classical and contemporary tales that attest to the magic of mirrors, glass, water, prisms-transparent and reflective lenses of all types. His account of the tale of Narcissus is perhaps especially telling, for, as Paula Findlen has suggested, the story of Narcissus represented the illusion and play inherent in the visions produced by nature. The early modern fascination with Ovid's Metamorphoses as a whole emphasized the variety and variability in the world and in the self. In the story of Narcissus, and in the world of neo-Platonist magic as a whole, "It appeared that nature was constantly in flux, always in the process of becoming something else. . .. The scientific playfulness of mirrors was a conscious attempt to rewrite the fable of Narcissus, blending 'poetic fiction' and scientific fact."
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Garzoni's Piazza universale played an essential role in the dissemination of knowledge about popular science. Directed at a wide-ranging audience, this work synthesized information from a vast array of sources-learned, popular, reliable, deceitful-and presented it in a new amalgam. For "virtuosi" eager to collect scientific instruments, perform the experiments, and compile the recipes put forth by Garzoni's "professors of secrets," the Piazza universale offered a point of access to work in advanced, learned areas such as optics. The field of catoptrics seems to have offered just the right balance between scholasticism (its roots went back to the ancients, and it could be read about in contemporary treatises), experience (it could be practiced and repeated in the context of courtly and academic gatherings), and play (it delighted the onlooker and helped to "distinguish one's ability to read a joke, to get the trick" 31 ). For, as Horst Bredekamp has suggested, playfulness at the intersection of nature and art was an essential component of early modern science. 32 Among the "professors of secrets" whom Garzoni cited was none other than Della Porta. And the purposes of such secrets, as Della Porta informed his reader, were both practical and aesthetic. Their usefulness lay, for example, in enabling spies to see far away, in creating the illusion of a large army where only a small one existed, or simply in making a small object more easily visible. In addition, though, Della Porta, Garzoni, and numerous other writers on catoptric lenses remarked on the novelty of such instruments and the sense of meraviglia they could inspire. Thus when Galileo wrote in 1610 to Belisario Vinta, an adviser to the Grand Duke Cosimo I de' Medici, of the marvelous effects of his telescope, his description resonated with a long tradition of reception and understanding of optical marvels:
I am at present in Venice, to have printed some observations that I have made by means of one of my lenses [occhiale] of the celestial bodies, and just as they are of infinite stupor, so infinitely do I render thanks to God, who has seen fit to make me alone the first observer of a thing so admirable, and held secret [occulta] throughout the centuries. 33 Years before the invention of the powerful and technically advanced telescope that Galileo used to view the Medicean stars, optical instruments were seen as a means for inspiring wonder through the sense of sight. 34 Galileo's open-ended inquiry with his telescope represented a continuation of the exploration undertaken with lenses by Della Porta and others of his generation.
Magic seen, magic heard
Garzoni's Piazza universale is an enormous tome. It is not surprising, therefore, that he treats music as well as optics, and, indeed, he noted the presence of music in both nature and art, repeating the ancient wisdom-ubiquitous in Renaissance music theory-concerning the so-called harmony of the spheres and the music inscribed in the creation of the earth: "there is nothing in the world made without geometry and music." 35 Beyond this homage to the ancient sources, however, Garzoni advocated another approach to music-making-one based in practical experience with instruments. His section on the profession of music-making bears a title that makes a special case for the inclusion of instrumentalists alongside singers: "De musici cosi cantori, come suonatori, & in particolare de' pifferi" (Of musicians, both singers and players, and in particular wind-players"). 36 figures who had attained facility at a musical instrument, and he followed these names with a list of contemporary musicians whom he deemed worthy of recognition-not singers, but instrumentalists, artisans-and who served as evidence of the value of the profession of music. It was the practice of this profession, not merely its theory, that Garzoni advocated. 37 This is precisely the approach that Della Porta took to his experimentation with musical instruments. An amateur rather than a professional, Della Porta approached his lyra with the same sense of curiosity and wonder that he applied to his optical instruments. Like Vincenzo Galilei, he put musical instruments to use in inventive ways. Whereas Galilei sought a reform in the professional understanding of music and the science of sound, Della Porta used his instrument to create playful sonic illusions that would astonish onlookers and listeners.
What can we learn about Della Porta's approach to musical instruments through consideration of his approach to optical instruments? The first lesson, I propose, lies in the aesthetics of meraviglia that informed the approaches of Della Porta, Garzoni, and their contemporaries: in calling attention repeatedly to the "wonder" aroused in the viewer at the ability of the instrumentalist to conjure the "imaginary conceits of the mind," Della Porta's description turned the act of demonstration into a performance and equated its effect on the viewer with that inspired by the experience of an artwork. This sense of meraviglia underlies Della Porta's approach to musical instruments as well: he wrote that his demonstrations and pieces of wisdom on the effects of musical instruments would cause the listener-observer to "rejoyce," reveling in the power of musical magic.
Another point to be gleaned from the juxtaposition of Della Porta's treatments of optical and acoustical experimentation is their relationship to the learned fields from which they emerged. Della Porta was an expert in optics; his extensive catalogue of natural magic in catoptrics is based on this knowledge, but it is directed at the letterati and virtuosi of science. Although Della Porta lacked the strong theoretical knowledge of music that may be seen in the writings of Vincenzo Galilei, he nevertheless recognized a place for acoustical experimentation within academies populated by gentlemenamateurs. That Della Porta's understanding of musical instruments is heavily informed by his neo-Platonist approach underscores the close connection between natural magic, science, and the arts in the early modern era.
Most importantly, however, Della Porta approached musical instruments in the open-ended manner that characterized his approach to optical instruments. In his section on catoptrics, Della Porta emphasized the novelty of his Blackburn and Edward E. Lowinsky, "Luigi Zenobi and His Letter on the Perfect Musician," Studi Musicali 22 (1993), 61-107. 37 Garzoni, Piazza universale, 441-53.
demonstrations, and he invited the reader to join in the process of invention: "Though venerable Antiquity seems to have invented many and great things, yet I shall set down greater, more Noble, and more Famous things, and that will not a little help to the Optick Science, that more sublime wits may increase it infinitely."
38
With the lira da braccio institutionalized as a fixture within numerous Italian academies, it was the instrument most readily available to the amateur practitioners of science and natural magic to whom Della Porta's treatise was directed. In describing his three experimental demonstrations, Della Porta showed that unusual uses of the lyra could reveal new information about the behavior of sound and the interrelationship of the senses. These demonstrations also provided a model for further trial with instruments, encouraging their use in the quest for new knowledge.
More than thirty years after the expanded edition of Della Porta's Magia naturalis appeared in print, Francis Bacon remarked in his Novum organum (1620) on the importance of artisanship in the new system of knowledge that he was building. To gain new understandings of nature, he asserted, the philosopher should seek out all he could from both nature and art, including objects and processes that seemed exceptional or even unique. He wrote,
The better kinds of artificial materials are surely those which either most closely imitate nature, or on the other hand masterfully rule her and turn her upsidedown. Again, among the contrivances and tools of man, we should not condemn [juggling] tricks and toys [praestigiae et jocularia] out of hand. Their applications are trivial and frivolous, but some of them may be useful for information. 39 The curiosities that Della Porta collected and the illusions that he sought to produce through performance of his demonstrations and experiments may surely be classified among the "contrivances and tools of man." Yet Bacon recognized that even this kind of magic had a place in the new science. Della Porta's playful, exploratory, and innovative approach to instruments-his praestigiae et jocularia-helped to spread knowledge and ideas.
